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Abstract 
The development of bioethanol production is being widely discussed both the development of methods and materials used. One 
of potential raw material for bioethanol production is white sorghum (Sorghum bicolor). It thrives in tropical countries and has 
fairly high starch content about 65% – 71% typically. Thus, it can be used as raw material of bioethanol production. During this 
process, a simultaneous saccharification and fermentation reaction (SSF) produces more ethanol than conventional processes. 
The purpose of this study is to determine proper method for producing bioethanol from this raw material by comparing SSF 
reaction of NaOH-treated white sorghum seeds to untreated sorghum seeds. Beads biocatalyst was prepared by co-
immobilization method of glucoamylase by the yeast (Saccharomyces cereviceae) in Na-Alginate 6%. They were varied with 
variable concentrations of yeast 5%, 7%, 9% and 25%, 35% of glucoamylase enzyme. The biocatalyst is more stable, producing 
more bioethanol and reducing contamination. The results indicated that white sorghum seeds with 0.1 M NaOH treatment 
produced more bioethanol than untreated sorghum seeds using beads biocatalyst with concentration of yeast 9% and 35% of 
enzyme. Maximum production of ethanol was 11.48% with the value of Km and Vm are -0.0014 g/mL and 0.00245 g/mL.hour 
respectively. By overnight soaking in 0.1 M NaOH solution, the purity of the starch in the white sorghum seeds increased. 
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1. Introduction 
Many ways to produce bioethanol. One way that is most often used in the manufacture of bioethanol is the 
production of bioethanol with conventional method. However, this conventional method requires a lot of equipment 
and costly. Therefore, necessary production means cheaper and shorter, it is Simultaneous Saccharification and 
Fermentation(SSF) method. SSF reactions increase productivity of bioethanol compared with conventional 
processes [1]. A simultaneous reaction of hydrolysis and fermentation reactions shortens the residence time. In 
Simultaneous Saccharification and Fermentation reaction, starch is hydrolysed by glucoamylase to form glucose and 
simultaneously converted to ethanol and carbon dioxide by using biocatalyst. 
The biocatalyst is prepared with the co-immobilization method. This method repositions the enzyme in a certain 
area or space (entrapment) with microorganisms that keeps the catalytic activity and lengthens its life-time [2]. In 
addition to that, the biocatalyst is more stable because of a bond co-immobilization, has high productivity, and may 
reduce contamination [3]. The use of co-immobilized biocatalysts improves the efficiency of the fermentation 
reaction, thus it can be used repeatedly. One of method to make biocatalyst for SSF reaction is by using method co-
immobilization of glucoamylase, Saccharomyces in silica and Na-alginate. 
One of important developments is the worldwide utilization of carbohydrate sources as raw material for ethanol 
based renewable liquid fuels [4-6]. In Indonesia, there are many glucose and starch crops that are potential as raw 
material for bioethanol production, such as white sorghum (Sorghum bicolor). Unfortunately, the protein body 
covers the starch in the seeds and the protein matrix inhibits the starch decomposition [7]. As consequence, it needs 
special treatment to peel the entire sheath that the sorghum starch decomposed. 
Several researches on making biocatalyst by similar method were also conducted by Dian (2012) used alginate 
with immobilization of biocatalyst reaction kinetics. They applied an immobilization technique. Optimum reaction 
kinetics in this fermentation process was obtained with 12 g of dry yeast 12 grams and 50 g of immobilized enzyme 
[8]. The following research was conducted by Aida (2013) concerned on co-immobilization biocatalyst. The highest 
concentration of ethanol in the Simultaneous Saccharification and Fermentation reactions was achieved when the 
volume of fermentation medium and biocatalyst beads ratio was equivalent [9]. The purpose of this study is to 
determine proper method for producing bioethanol from this raw material by comparing SSF reaction of NaOH-
treated white sorghum seeds to untreated sorghum seeds. 
2. Method 
This study used γ-aminopropyltriethoxysilane (γ-AMPTS) by Sigma-Aldrich, glucoamylase, dry yeast 
(Saccharomyces cereviseae) by Fermiol, Damylase (Bachilusliceniformis) by Novozyme, CaCl2.2H2O, silicagel60 
(0.063 to 0.2 mm) by Merck, glutaral dehide by Merck, sorghum seeds, citric acid, sodium hydroxide, phosphate 
buffer, acetate buffer, acetone, Na-Alginate, Nelson Reagent A, Nelson Reagent B, and Arsenicmolybdat as raw or 
supporting materials. 
The instruments and equipment research were thermometer, stirrer motor, mercury stirrer, three-neck flask, 
heating mantle, and a series of tools for liquefaction. The series of fermentation instruments used simple fermentor 
which was inserted in a shaker bath. While the purification of ethanol used series of distillation apparatus. 
2.1. Silica silanized 
Silica gel was added into a solution of γ-AMPTS 0.5% (v/v) pH3 with a ratio of 3 mL/g of silica. The mixture 
was stirred and heated at constant temperature of 75 oC for 3 hours. Then, the suspension was filtered and washed 
with distilled water. The treated silica was dried in an oven at 60 °C. 
2.2. Enzyme immobilization 
Silanized silica was mixed with a solution of 5% (v/v) glutaral dehyde-phosphate buffer pH7 for 1 hour. The 
silica was then washed using excess distilled water. Immobilization of the enzyme silica was prepared by mixing 
glutaral dehide-bound-carriers with enzyme solution glucoamylase-acetate buffer 25% (v/v) pH4.2 at a ratio of 
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10mL/g glutaral dehyde-bound-carriers. Immobilization was conducted at constant temperature of25oCfor 36hours. 
The suspension was then filtered and washed with distilled water and acetate buffer. 
2.3. Co-immobilization of enzymes and yeast in Na-Alginate 
Na-Alginate 6% (w/v) was dissolved in acetate buffer pH 4.2 at 40 oC. While stirring, 1.5 g of wet immobilized 
enzyme and yeast extract 5% (w/v) was then added to each 20 mL of Na-Alginate solution at a temperature of 35 oC. 
2.4. Making beads biocatalyst 
Co-immobilized yeast was dripped into 0.2 MCaCl2 solutions for beads formation. Biocatalyst beads were stored 
in a refrigerator at 4 °C for 24 hours before using. 
2.5. Preparation of Medium 
Sorghum seeds were removed from the cob and then soaked in 0.1 M NaOH solution for 1 hour and drained. 
Sorghum seeds were subsequently milled to form clean flour. This flour was dissolved in 0.01 MCaCl2 solutions 
with a ratio of 20% (w/v). The substrate was then heated at constant temperature of 90 oC until the gelatin formed. 
Liquefaction process was conducted by adding the 2% (v/v) D-amylase enzyme into the gelatin at a temperature of 
65 °C and pH 6.0 – 6.5. The substrate was reheated up to temperature 90 oC for 10 minutes, and then allowed to boil 
for 5 minutes. It was cooled and centrifuged at 4000 rpm for1minutetotake the filtrate out from the cake. 
2.6. Simultaneous saccharification and fermentation reactions 
This reaction was conducted at pH 4.2 by addition of 0.1 M citric acid filtrate and then the beads biocatalyst was 
added with a certain volume ratio according to the variables. Fermentation was applied in a simple fermentor which 
was immersed in a shaker bath at 30 °C and pH 4.2 for 27 hours. 
2.7. Analysis data 
Samples were taken every 3 hours, and then analyzed the levels of glucose by using the Somogyi-Nelson 
method. The Somogyi Nelson acts as sludge cu pro-oxide redactor that reacts with arseno-molibdat and converts to 
molybdine blue. The blue colour was measured by absorbance method [10]. Ethanol fermentation results were 
analyzed by Gas Chromatography using Carbowax type columns. 
3. Results and discussion 
The concentration of Na-Alginate solution, the volume of fermentation medium, pH, the volume ratio of beads 
biocatalyst and operating temperature were fixed in this study. Independent variables were the treatment of 
sorghum, the concentration of the glucoamylase enzyme and yeast concentration. The first step is made flour, then 
followed by liquefaction reaction. The next step is SSF reaction with variable concentration of 25%, 
35%glucoamylase enzyme and 5%, 7%, 9% yeast concentration. The last step is SSF reaction. 
During SSF reaction, dextrin from liquefaction is converted to glucose and then simultaneously fermented into 
ethanol. SSF reaction used co-immobilized biocatalyst (glucoamylase and yeast).Beads biocatalyst performance was 
tested by taking 3 hourly samples for analyzing residual glucose and ethanol content during 27 hours fermentation at 
varied yeast concentration of 5%, 7% and 9%. From Table 1 and Table 2, the effect of glucoamylase enzyme and 
yeast concentration variation on beads biocatalyst for SSF treated and un-treated flour was identified. From Table 1, 
the maximum differences is shown at 9% of yeast content, and for treated sorghum seed. From Table 2, the 
maximum differences is shown at 9% of yeast content, and for treated sorghum seed. The greater concentration of 
the glucoamylase enzyme and yeast, the faster the fermentation reaction on beads biocatalyst, thus the residual 
glucose content reduced. 
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Effect of glucoamylase enzyme concentration and yeast on untreated sorghum is shown on Table 1 and Table 2. 
The analysis obtained the highest residual glucose concentration was 3.831 g/L at 25% concentration of the 
glucoamylase enzyme and 5% of yeast. At 25% concentration of enzyme glucoamylase, and 7% and 9% of yeast are 
3.284 g/L and 3.010 g/L. As for the 35% concentration of glucoamylase enzyme, and 5%, 7%, and 9% yeast are 
2.736, 2.463, and 2.189 g/L respectively. Basically, the effect is similar to application of the treated sorghum seed. 
The greater concentration of the glucoamylase enzyme and yeast, the faster the fermentation reaction on beads 
biocatalyst, thus the residual glucose content reduced. 
Table 1 and Table 2 showed that the high concentration of yeast caused a higher conversion of the reaction 
because the SSF reacts faster than the lower levels of yeast glucoamylase at the same concentration. Figure 1 
showed the decreasing of glucose reduction profiles of each concentration with treated and untreated sorghum on 
9% of yeast concentration. It is observed that at 35% of glucoamylase enzyme concentration on treated sorghum 
seeds, a greater conversion reaction is shown with the smallest residual glucose levels. 
The ethanol concentrationwas analyzed with Gas Chromatography apparatus. Table 3 showed the analysis 
results. The highest content when using 35% concentration and 9% of yeast is 11.48%. It is concluded that the 
treated sorghum produces more ethanol than untreated sorghum as raw material. Removing protein body and matrix 
from that seed cover by overnight soaking it in 0.1 M sodium hydroxide solution would be accelerated 
decomposition of starch. 
Table 1. Results analysis of residual glucose concentration (g/L) in 25% glucoamylase content. 
Time 
(hours) 
Glucoamylase content, Yeast 
25. 5 - T 25. 7 - T 25. 9 – T 25. 5 – NT 25. 7 - NT 25. 9 - NT 
0 15,325 15,599 15,599 13,409 13,683 13,683 
3 14,778 14,979 14,968 13,136 13,409 13,136 
6 13,683 13,409 13,136 12,041 12,588 12,315 
9 12,315 12,041 11,767 10,673 10,946 11,220 
12 10,673 10,673 10,399 9,304 9,304 9,852 
15 9,031 9,031 8,757 7,662 7,662 8,210 
18 7,115 6,568 6,294 5,473 5,473 6,020 
21 5,473 5,199 4,652 4,652 4,105 3,557 
24 4,652 4,105 3,831 4,105 3,557 3,284 
27 4,105 3,557 3,284 3,831 3,284 3,010 
Table 2. Results analysis of residual glucose concentration (g/L) in 35% glukoamylase content. 
Time  
(hours) 
Glucoamylase content, Yeast 
35. 5 - T 35. 7 - T 35. 9 - T 35. 5 – NT 35. 7 - NT 35. 9 – NT 
0 15,325 15,873 15,873 13,409 13,409 13,409 
3 15,051 15,599 15,325 12,862 12,862 12,588 
6 13,957 14,504 14,230 12,041 12,041 11,494 
9 12,862 13,409 12,862 10,946 11,220 10,399 
12 11,767 11,767 11,220 9,578 10,125 9,031 
15 10,399 9,852 9,578 8,210 8,483 7,662 
18 8,757 7,662 6,841 6,020 6,294 5,747 
21 6,294 4,926 4,652 3,557 3,831 3,284 
24 4,926 3,557 3,284 3,010 3,010 2,463 
27 3,010 2,736 2,463 2,736 2,463 2,189 
T: treated; NT: untreated 
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Table 3. Results analysis of ethanol levels using gas chromatography. 
Glucoamylase – Yeast 
Content 
Ethanol Concentration 
Treated Un-treated 
25-5 6.91% 5.63% 
25-7 7.49% 7.24% 
25-9 9.02% 8.31% 
35-5 10.02% 9.48% 
35-7 10.95% 10.75% 
35-9 11.48% 11.15% 
 
 
Note: 25. 9 – T :Glucoamylase 25%, Yeast 9%, Sorghum Treatment 
35. 9 – T :Glucoamylase 35%, Yeast 9%, Sorghum Treatment 
25. 9 – NT :Glucoamylase 25%, Yeast 9%, Sorghum Non – Treatment 
35. 9 – NT :Glucoamylase 35%, Yeast 9%, Sorghum Non – Treatment 
Fig. 1. Results analysis of sugar reduction at highest conversion. 
 
where as: 
[V] : Velocity of reaction (g/ml.hour) 
[S] : Concentration of Substrate (g/ml) 
Km : Michaelis Manten Constanta 
Vm : Maximum Velocity 
Fig. 2. Chart the correlation of ͳȀ vs ͳȀሺሾሽሻ. 
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By taking 3-hourly samples of fermentation product when using 35% concentration of glucoamylase enzyme 
and 9% of yeast, a model of SSF reaction kinetics was predicted based on Michaelis-Menten equation [11-12]. From 
Fig. 2, the correlation of ͳȀܸ vs ͳȀሾܵሽobtains the linear regression equation ͳȀܸ ൌ ͵ͻ͵Ǥ͵െ ͲǤͷͶʹͳȀሾሿ. Thus, the 
value of Vm is 0.00254 g/mL.hour and the value of Km is -0.0014 g/mL 
4. Conclusions 
The using of co-immobilization method to produce beads biocatalyst lengthens the catalytic activity of the 
enzyme and yeast, thus this biocatalyst can be used repeatedly. Ethanol productivity can also be improved by 
Simultaneous Saccharification and Fermentation (SSF) reactions using the catalyst. Sorghum seeds are potential raw 
material for starch-based bioethanol production and this sorghum seed should be treated before using for higher 
product. The maximum of ethanol obtained with treated sorghum as raw material and glucoamylase enzyme 
concentration of 35% and 9% of yeast is 11.48%. 
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